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(54) Signalling method for invoking a test mode in a network Interface unit 



(57) A network interface device intended to be 
placed approximate to the customers equipment and re- 
mote from a central office of a telephone company 
("TELCO"). The purpose of the network interface device 
is to allow the twisted pair transmission line between the 
central office and the customer's port to be selectively 
switched from a normal monitoring mode into a test 
mode. The test mode has two phases. In the first phase, 
the NIL) transmits a signal back to the central office. This 



allows the central office to determine whether there are 
any problems with the transmission line, the potential 
bandwidth for the transmission line and related param- 
eters concerning the efficacy and suitability of the trans- 
mission line for a variety of communication services, in 
the second phase, which is entered into upon comple- 
tion of the first phase, the customer-end ADSL low pass 
filter is bypassed so that the central office can test the 
customer's POTS equipment. 



CM 
< 

o 

CM 

in 

' o 
o 

£L 
LU 

Printed by Jouve. 7500t PARIS (FR) 

BNSDOCID: <EP 1 005209A2_I_> 



EP1 005 209 A2 

Description . . V . i: * , : " 

TECHNICAL FIELD \. - • - .i 

5 [0001] The present invention is directed to remotely monitoring and evaluating a twisted pair transmission line, such 
as that used in telephone line communication. It is especially directed to communication systems, such as an asyn- 
chronous digital subscriber line. ("ADSL") which use a telephone line for corrimunication between a customer and a 
central office. ; . . . 

10 BACKGROUND OF THE INVENTION , : ^ ' 

[0002}; Asymmetric Digital Subscriber Line (ADSL)Js a technology which allows fpr simultaneous yoice.and data 
traff iC'to coexist over a communication channel comprising a standard telephone trarismisslqn line. Typically, the stand- 
ard telephone transmission lines comprise an unshielded twisted pair of copper wire having, a gauge of 22-26AWG. 

15 Twisted pairs, which can be used to connect a central telephone system (a 'central' unit) to a subscriber's telephone 
(a "remote" unit) can support bandwidths of up to 2MHz„through the use 9f digital signal processing (DSP) technology 
Thus, they can be used tor bandwidth-intensive applications, such as internet access and video-on demand, as welt 
as for carrying voice traffic. Frequency division multiplexing is used so. that a plurality of signals; each occupying a 
different frequericy band, can be simultaneously sent oyer the same transrpissioH line, , ; ^ 

20 [0003] The voice traffic band comprises a number of frpquenpy sub-bands, or chanriels, ranging from DC lo 20 KHz. 
The analog voicebarid frequency is typipally specified as 200-4000 Hz. Customer specified additions may iriclude 
phone operation up to 8 KHz and 12-16 KHz billing topes. In addition, DC to 30 HZ:frequencies are .typically assigned 
for auxiliary analog signaling purposes, such as ringing the telephone, dial pulsing and on/off hook signaling., 
[0004] ADSL data traffic bandwidth for CAP (carrieries^ amplitude, and phase) modulatipn^Js typically^from 35 KHz 

25 i:5 mHZ. Of this, upstream data traffic (i.e., remote unit to central unit) uses the, 35 KHz-191 KHz band, while the 
dbwnstrearri traffic (i.e., central unit to remote unit) uses the 240 KHz-I.S MHZ band.. - . ' - 
[0005] Before providing the customer with ADSL service, the telephprie company ("ITELQO") must determine whether 
the line is suitable for AdSL cprrimunication. This is typically done by testing.the lines, betweeri the TELCO's central 
office or substation, and the customer's site In cases where the ADSL service is proyided to the customer's residence, 

30 this often means testing the fine at the point of entry to the building in which the customer's dwelling is located., After 
initiation of ADSL service/there are occasions In^vvhich the,customer,experierices probjenr^s.in ADSL communication. 
In thds^ ihstancest, then TELCO m whether the trouble lies with the iTELCO's equipment or with the 

customer's equipment, to make this determinatcin, a TELCP representative niay visit the custorner's site to test whether 
the twiste'd pair line from the cusionrier's site to the TELCO central officq or: substation is working properly, and also to 

35 test wHetheir the' custbrneHs equipment is working properly. This requires, considerable expense due to the. time taken 
by the repairman ' v . 7 ^ / ■ / . :; ^ . - : , 

SUMI^/IARY OF THE INVENTION ^ ■ . ^ ; . - _ : .-^ i 

40 [0006] The present invention is directed to an apparatus and method for rennqteiy testing the TELQQ's ADSL equip- 
ment,; without having to travel to the customer's site. It uses an interface unit which is . installed proximate to the cus- 
tbriier's equiprhenti which can be selectively operated frorn,a renriptejqcation to test.the TELCO's ADSL -equipment. 
A device' in "accordance vyith the present invention is; installed between Jhe custorner's port and the TELCO's port:at 
the point where the line enters the customer's site. . v . . ' 

[0007] A device iri accordance with the present invention operates in one oMwo modes; a nripnitor mode and a test 
mode. In the monitor mode a subcircuit of the device looks for. a. request signal askirtg the device to switch from the 
monitor mode to the test mode! When a valid request, signal is received frpm the central officepri the. twisted pair, the 
device is switched into the test mode. The test mode.has two phases, iln the first phase ,:a si^rial generator, of the device 
isolates the custorner equipment and transmits a test signal frorri the unit back-to the central station on the twisted pair 

so A timer circuit associated with the device,allows this, first phase to proceed for a predetermined, peripd of time. In the 
second fbhase, the device isolates cus.tomer-;end filter circuitry so as to direptly test the customer's PQTS equipment. 
The'device includes a voltage regulator which provides an. operating voltage for the remaining components and sub- 
circuits of the device. 

55 BRIEF'DESCRiPTION OF THE DRAWINGS, . . /: . , - . i ^, 

[bbbS] 1 the presenV invent ion can better be understood through the attached figures jn which:, t'.; - * ; , : 
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Fig. 1 presents a block d'agram of an ADSL system incorporating a network interface unit; 
Fig. 2 presents a block diagram of an embodiment of a network interface unit; 

Fig. 3 presents a block diagram of the normal mode in which the network interface unit of Fig. 2 operates; 
Fig. 4 presents a block diagram of the test mode in which the network interface unit of Fig. 2 operates; 
Fig. 5 presents a detailed diagram of the network interface unit of Fig. 2. 

Fig. 6 presents a block diagram of an ADSL system incorporating a network interface unit in accordance with the 
present invention; 

Fig. 7 presents a block diagram of a device in accordance with the present invention; 
Fig. 8 presents a block diagram of a device of Fig. 7 in the normal mode; ^ 
Fig. 9 presents a block diagram of a device of Fig. 7 in the first phase of the test mode; 
Fig. 10 presents a block diagram of a device of Fig. 7 in the second phase of the test riiode; 
Fig. 11 presents a detailed diagram of the network interface unit in accordance with the present invention; 
Fig. 12 presents a circuit diagram of the high impedance bypass circuit of the network interface unit, of Fig. 11 ; 
'Fig. 13 presents the'bypass'circuitry' for a lowpass POTS filter; and 
15 ..' Fig. 14 presents an alternative detector/power circuit. ' " ' ^ . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT ' \ ' ' ' \/ . 

[0009] Fig. 1 shows 3n ADSL~systern 10 which incorporates a device in accordance with the present invention., The 
20 ADSL system 10 comprises a tran^nrliss ion 'line 12 which extends bet weeh a central office 14 and a customer's site 
16' In addition.' the' ADSL systerri 10 includes a network 'interface unit 18 (NiO) which is physical iy located near the 
customer's eqUiprifient i 6 and interfaces the customer equipm^ 

[0010]' \ A's ishown in the figures^ the network interface unit 18 is diiail ported with one side connected' to a rietwork 
interface' poft'22 and the other side cohnected to the'customerpbrt 24. The purpose of locating a network interface 
25 unit cleise to the customer's site' is to allow the centfaVoffice 14 to test whether rts transmission equipment and the 
transmission line i 2 are functioning properly without having td' visit the custonier's she. This testing Js rriade. fipssible 
by the design and function of the Network Interface Unit/ • ' - ' * ' - -^j ' 

[0011] Fig. 2 shows a functional block diagram of me NIU. As'seen in Fig. 2/the fsillj (>3mprises a. requestf^^^^ 
detector 30, a paii^ of line-cbntrbl switches 32a, 32b, a voltage protection circiiit 34; a test signal generator 36. ^:ppwer 
supply 38. and a reset* control circuit 40; As''^een iri Fig/ 5, the NIIJ- has a first pprt 22a Jcomprisi 22b, 22c 

on the netwbr^k side and ai second port 24a comprising corresponding terminate i24b, 24c on the custpmer s\6e^^ 
[0012] The request signal detector S) is a high irnpedahce ciircuit'conn'^ is pPO- 

figured to detect' a' valid request siignar'serit by the central office.' The request'kjghal r^hay of forms. 

For instance, it could be a coded sequence of pulsus serit 'from thei' cenlrai biffice. Alternati\/ely, jt may be a signal having 
35 predetermined spectral and amplitude characteristics. Iri the preferred embddinfie'nt/however, the request si'gnai.is a 
battery reversal condition having'a predeterniihed duration. Once thei detector 30 recognizes that a valid request^ignal 
has been received, it outputs a first control signal on lines 42a, 42b, in order to switch the NIU from the monitor mode 
to the test mode. 

[0013] Switches 32a and 32b connect the voltage nodes 44a, 44b at the network side jaort 22a to the customer side 
port 24a, when the NIU is in the monitor mode. Thus, in the monitor mode the presence of the NIU is transparent.to 
the- customer equijDrnent arid the central office only' sees a high impedance rtidnitor circuit, 18a shunted across^ the 
transmission lines -12. Upon receiving the first control signal on liriiBs 42a, 42b from the request signal detector 30, ^t he 
switches 32a, 32b break the cbnnect'iori between the network port to the customer port,' and instead establish a con- 
nection to the circuitry of the NIU to fbriti a test cifcuit 18b. Because switches 32a, 32b kr^, activated.at the samejime 
45 jn response to receipt of a valid request signal, the switches 32a. 32b may be implemented as a single doiible^qle 
double-throw electronic switch which selectively bonri'iBcts' a pair of ihput lines tbfeithbr of two pairs of output lines.* 
Whether in the rhonitor mode'oi' in the test rfibde, the 'terminals 22b, 22c 6f the network side port 22a 'serve as first 
and second voltage nodes having an' input voltage therebelweerf^ *' * ' 

[0014] When switches 32ia, 32b are toggled into the test rnode, other components of the NIU are activated. First,' the 
50 voltage protection circuit 34 is activated and serves to jSreverit ari over voltage condition across the'transmissibh. Mne 
which might otherwise'destroy the NIU. In 'addition, the power supply 38 is activated arid outputs a dc operating vphage 
Vg which is used to drive thelest 'signal generator 36 and the reset control circuit 40. The NIU's ipbwer supply ,38 draws 
its power from the^office t>attery voltage. Therefore, the power supply 38' does not need' to be provided with a kical^ 
battery or other power source. ' - . - u,. 

[001 5] The test signal generator 36 outputs a signal and this signal is sent down the transrnission line 1 2 back to the 
central office. The test signal maybe a narrow band tone, a broad band sweep or may take on any of an irifiriite>» umber 
of spectral characteristics. The test signal's waveform may be sinusoidal, triangular, a square wave, or take on one.pf 
any number of different shapes. In the preferred em bbdinierit. however, a 300 KHz" square wave is gWnerated by the" 
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test signal 'genetaior 36 a^^ at the central office or other facility for analysis^ with known' equipment such 

as spectrum arialyzers and computers using established analytical techniques. This allows the central office to deter- 
mine a number of parameters including 300 KHz insertion loss, harmonic insertion loss, return loss, jph^se distortion 
and predicted ADSL line data rate. ; " / ■ . - 

5 [0016] The reset control circuit 40 serves to return the switches 32a, 32b back to the monitor mode from the test 
mode after a predetermine lapse of time. Thus, the reset control circuit 40 limits the duration that the test signal is sent 
to the central office. This duration must be of sufficient length to allow the central office to assess the performance of 
the ADSL system between the central office to the customer's port. In the preferred enlbodiment, the reset coritroj 
circuit allows the test signal generator to send a signal for the predetermined period of time of 30 seconds. At the end 

10 of this period, the reset control circuit 40 sends a reset control signal on lines 46a, 46b to switches 32a, 32b respectively. 
In response to the reset control signal, the switches 32a, 32b reconnect the network port to the custoiner port, and 
disable the test signal generator and other components of the NIL). 

[0017] Fig. 5 shows an embodiment of an (MIL). It is first noted in Fig. 5 that the switches bf'Fig. 2 are' implenriented 
by me^ns of dual pole double throw latching relay whose contacts are designated K1/A and K1/B, both contacts being 

IS simultahepusly activated in i-esponse to a signal received at one of two coils associated with the relay - a "set" coil 
and a "reset" coil. Each coVitact of the relay K1 selectively connects one member of the twisted pair to a corresponding 
elerrient. In the monitor mode, the relay connects the network side port 22a with the customer side port 24a. Under 
these conditions the voltage protection circuit 34, the test signal generator 36, the power supply 38,. and the reset 
control circuit 40 are all disabled. However the request signal detector 30 is always enabled ^rid monitors the signal 

20 coiming on the iransmissibri line. , , . . , . 

[0018] As seen in Fig. 5, the request signal detector 30 provides an input impedance of R7 plus the collective im- 
pedance of the remairider of a circuit comprisihg'the detector 30. As shpwn in Table 1 , R7 is preferably 2MHz,and so 
in the monitor mode, the input impedance of the NIU is at least 2 MQ. 3ucK an impedance level meets the requirements 
of some telephone companies, although a lower innpedance level of, say, 500 KQ. meets the requirements of other 

25 teleplhone companies. Regardless of the input Jrnpedarice due to R7,, the time constants formed by R7, C9 and R8, 
CI 0 ar^'selectWd to filter but a 20 Hz rihging signal so that the request signal detector does not false trigger due to the 
voltage reversal associated with a ringing signal. 

[0019] As is known to those'skilled in the'art, the central office outputs a quiescent transmission line battery voltage 
of a predetermined polarity across the twisted pair 12 The magnitude of the voltage is nominally 48 volts, although it 

30 may vary from between 42-65 volts The transmission line battery voltage is used by the NIU both to trigger the request 
signal detector as well as power the remaining circuitry of the NfU. In the preferred erribodiment; the request signal 
detector triggers on a reveirse voltage condition, e.'g;, -48 vbtts, oh the twisted pair for a; predeteritijried period of time. 
The circuit of Fig. ,5 requires a reverse, yoltage condition of at least 1 S seconds/^although the circuit can easily be 
configured to respond to some other minimum duration. Thus, to switch from the monitor mode to the test mode, the 

35 central office outputs a requestsignal Comprising a reverse, voltage of this duration on the twisted. pair 12. 

[0020] When in the monitor mode, capacitors C9 and C10 charge up to the quiescent transmission line DC voltage 
(typically a 48 volt feed from the central.dffice). Therefore, the voltage at PNP transistor Q3's emitter and base are also 
at the quiescent transmission, line DC voltage and so Q3 |initially does not conduct. -When a reverse battery condition 
occurs, CIO cannot discharge due to diode CR5. However, under the reverse voltage condition, cajDacitor C9 first 

40 discharges through R7 and, due to the reverse voltager then begiris to charge jwith a polarity opposite, to that of CI 0. 
CIO, however, doesnotdischargeunderthe reverse voltage condition because of bypass diode CR9 When the voltage 
difference between CIO (which remains at about 48 volts during the reverse voltage condjtion>nd G9 exceeds the 
Zener voltage of CR6 (51 volts in the pref erred embodiment), Q3 begins to go into the active region. Since Q3*s collector 
is connected to Q4's base, Q4 also becomes active. When transistor Q4 tum^ on; its collector current causes Q3 to 

45 turn on even harder, sending both transistprsjnto saturatipn. Jhis results in CIO dtschargingthrough resistor R11 and 
the SET coil of the relay K1 . After approximately 2 ms, the relay K1 sets, thereby disconnecting the customer from the 
transmission line 12 and engaging the test circuit. ■ * " ^ " 

[0021] Once relay K1 „has been sei by detector .30, the jemainder„of the NIU is activated. The voltage protection 
circuit 34 comprises clamping circuit VR1 which acts as an open circuit at voltages below± 100 volts. When the voltage 

50 between the twisted pair 12 exceeds + 100. volts, clannping circuit acts as a short circuit between relay contacts K1/A 
and K1/B. When the current through the relay drops below the holding current; the clamping circuit once.more becomes 
an open circuit. : . . . . J 

[0022] The power supply 38 includes a bridge circuit CR1 arranged in electrical parallel with the voltage protection 
circuit 34. When the relay K1 is set,-bridg0 circuit CR1 begins to conduct and-provides a current through inductor LI. 

55 The current then flows through resistor R1 and into base lead of NPN trarisistor Q1 . Because the .ba^e:Col lector voltage 
is reversed biased! transistor Cj1 begins to conduct with a current flowing through capacitor C3 and inductor L2 back 
to the bridge circuit-CRt: 1n the course of charging up- C3, the positive~node of C3 connected to the emitter of Q1 
reaches a level of +2 volts. This level of +2 volts is maintained so long as the relay K1 is set and some voltage of either 



4 



BNSDOCID: <EP 1005209A2J_> 



EP1 005 209 A2. 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



polarity is provided at the first port. Thus, the emitter voltage of Ql, where it connects.to capacitor C3.,is kept steady 
at +2 volts, and this voltage is tapped to provide the input voltage to drive the remainder of the NIL) circuit. CR2 is 
preferably iniplemented as a TL431 and serves to ensure that the base-emitter voltage of Ql riever exceeds a prede- 
termined value! thereby regulating the voltage and Ql 's emitter. Inductors L1 and L2 isolate the remainder of the power 
supply 38 from the signal generator 36 by effectively blocking AC signals. Thus, in the present invention, the power 
supply is run off of the line voltage of the twisted pair, onto which a signal from the test signal generator is placed. , 
[0023] The test signal generator in the preferred embodiment is implemented by means of a LMC555 timer U1 . This 
timer is configured to putput.a square wave having a frequency of 300KH2. The frequency output by the timer is 
determined selected by the specific values of R12, R5 and C5. In the preferred embodiment, the 300, KHz frequericy 
is used because it is a standard frequency used to benchmark ADSL system performance. However, if desired,. other 
frequencies above 35 KHz can also be used as the test signal. 

[0024] The output of the LMC555 timer U1 is sent to an output driver formed by transistors Q5, 06, current limiting 
base resistors R1 3, R1f^,and speed-up capacitors C11 and C12 which preserve charge to quickly turn onAurn off Q5 
and Q6.,the output drivei- is used to insulate the output pin of the 555 tinner from the impedance load of transistor T1 . 
[0025] ,The output driver acts as a trigger which outputs a signal acceptable for transmission back to the central 
office. In this instance; the test signal generated by the output driver passes through R6 and C6. before it is applied.to^ 
traiisformer T1 prior to transmission. The test signal then passes through AC coupling capacitors C I ,. C2. which block 
DC. before the test signal is applied to the transmissicwi line via relay contacts of relay K1. Vbltage protection element , 
VR2 ensures that the signal applied to coil T1 stays below a predetermined value, in this case S.volts. ' * V 
[002i6] The reset control circuit 40 is implernenled using a second LMC555 timer U2, and so the reset control circuit 
and the reset control circuit can be formed from a single 556 dual-timer. In the preferred embodiment of' Fig. 5„the 
LMC555 tirner U2 triggers the RESET coil of the relay K1 after 30 seconds. It should be noted, however, that the 30 
second value is determined by the specific values used for R4 and C?'. After 30 seconds the OUT pin on the 555 time r^ 
U2 outputs a signal which passes through base resistor R 3 and into the base lead of. transistor Q2. this turns. m 
transistor Q2, thereby resetting relay K1 . Once rel^y K1,has been reset, the effect of the signal generator 36 no. longer 
impacts the signal on the transmission line anb the transrriission line itisetf returns to t^e monitor mode in which/thel 
request signal detector 30 further awaits a valid request signal. ' ' . '. ' ~ . , ,V 

[0027] Table 1 lists the component values of the inductors, resistors and capacitors "in jthe circuit of Fig. 5, while Table 
2 provides infornrration about the remaining components. " ' . - ■ - 



Table 1- ' 



. ..Qonriporient Values for Inductors, Resistors A. Capacitors in Filter Circuit.of Fig.,5, 


COMPONENT 


nr _ VALUE ^ 


L - ' . . ; ^; 


.470 uH 




^ - ' ■'■ 20 Kn . .. V 


' ■ R2 ■ - ^ 


\ ' ■ ' 50Kti ' ^ ^ ^ - ' 


; . R3 • • . 


- rj'-:- '.-J 200 a - 












■ ' ibo'o •" ' ' 




, . 2 MQ. 




. ; ' • 100 KQ . < 


. ^ . . .FI9 . 


; * 249 Kii 


--..RIO-:.,.. . 


; 249 Kn : . 




' " " Vooa, 1/2W ' ' 


R12 


1 KQ 


■ •' ' • R13, RT4' ' - ' - ■ *" 


' ' "* " 5Kn ■ • ' ' ' * 


C1.,C2 _ . . , 


j^... . OOSB^iF , ■; 


.:: • : :.• ' - C3- ■ . - - - J • 


■ ^ • ■ -100 uF ^ -^'-v 
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table 1 - (continued) 



10 



15 



Component Values for Inductors, Resistors & Capacitors in Filter Circuit of Fig* 


COMPONENT 


VALUE 


:C4 


0.1 uF 


C5 


100 pF 


. ■ . C6 


0.1 uF 


C7 


20 uF ■ 


\/.\ .. ^ , C8 


,100 uF , . 


C9 


. 1 uF 


' ' 'CIO' 


47uF J . . 


C11 


200 pF 




200 pF 


; ^ , C13, C14 


: , O.lvuF : ' 



20 



Table 2 - 
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Other Cornponents in Circuit of Fig. 5 


COMPQNENT 


DESCRIPTION 




' KBP264G from Diodes, Int. 




, i, . , ; .TL431 , ; . 


* CR3, CR8 


' ' 1 N5229B, 4.3V Zeher ' 


, CR4.CR5, CB7. CR9 


. 1IVJ4454,, ., , , 




' ■fN4757A51V Zenei- ^ ' 


' ' '"..'.vRi^ "vr ,". 


Part no. POSOOEC from Teccor 


; VR2 - 


. 1.5KE IOC from Motorola 


- ■ ■■■ ■ • ■ 


651 -k427 f rorh Micicom 


, i KT(duakrelay), 


/ , TQ2E-L2-3V from Aromat 


' ' Qi; Q2; 04^06 ^ 


MPS8099 from Motof ola 


, Q3,,Q5 ... 


^..MPS8599 fromiy/lptorola 


' Ui , U2 - ■ 


' ' 555 CMOS timers 
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td02Gj ' the device described above can Be used whenever it is desirable to temporarily i^ojate equipment connected 
to a twisted pair transmission line for testing purposes. Th us r in stead of only b'eirig useful for ADSL isery ices, the present 
device can be used in conjunction with a variety of narrowband and broadband corinmu'n icat ion systems which us^^^ 
twisted pair. In' such caise! changing the signial generator to output different test signals may allow one to test the 
suitability of the twisted pair for a wide variety of communtca^l^^ ' , ! , 

[00^9] Fig.' 6 shows an ADSL system 110 similar to that shown' in Fig.* 1 . The'sy'steiTi 'of Ftg. 6 jnctudes central office 
equipment 11 4, the twisted pair tf'ansrhissiorl line 112, network interface port 1 22, ADSL, line tester circuit 11 8, customer 
POTS port 124, customer POTS equipment 116 and customer ADSL rnodeitt port 126, the last of which connects to 
an' ADSL nribdenri 128.; ' ' , /, . . . " . ' . . ' - 

[6630]' Fig. 7 shows a block diagram'of the ADSL line tester circuit 118 of the present invention. The tester circuit 
118 comprises a network interface unit li9a coupled at input nodes N4, N5 and output'^^nodes N6. N7 to a low pass 
filter 11 9b via dLial contact relays K2 a'nd'K3 Relay K2 selectrvelY,conriects the output of the hetwoi-iif interface unit 
11 9a' within tester 1\8%^ of the ADSL low pass fitter 1 i 9b and the ADSL Relay K3 

seie^ctiyelV^ the ADSL Ibw pass filter 11 9b to the'custpmer POfs port, 124 "Re lay cori tacts 

K2/A'ahd l<3/A are connected by bypass line i'29a while relay contact K2/B and K3/B are connected by bypass line 
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129b. Therefore, when dual contact relays K2 and K3 are reset, the output of the network interface unit 119a bypasses 
both the ADSL low pass fitter and the ADSL nrtodem. and is directly connected to customer POTS, port 1 24. 
[0031] Fig. 8 shows the normal operating mode for the ADSL line tester 11 8 of the present invention. In the normal 
operating mode, a high irnpedance monitor circuit 118a monitors the twisted pair for a battery voltage reversal for two 
5 seconds from the central office, as described above with respect to Fig. 3. The twisted pair from the network interface 
port 1 22 is thus connected to the twisted pair side of the ADSL low pass filter 1 1 9b and also to the ADSL modem port 1 25. 
[0032] Upon reception of a voltage reversal condition lasting two seconds, the line tester 118 switches into a test 
mode having two phases. 

[0033] Fig. 9 shows a bkx;k diagram of the effective circuit during the first phase of the test mode. In the first phase 
10 of the test mode, the ADSL low pass filter 119b and the ADSL modem 128 are isolated and a test circuit 118b is 
activated. The test circuit 1 18b, in which a test signal is sent back to the central office as described above with reference 
to the test signal generator 36 of Fig. 5. allovys the central office to check the twisted pair betweeri the central office 
and the customer's premises. This first phase lasts for a first predetermined period of time. Preferably, the first prede- 
termined period oHime lasts 30 seconds, although a wide range of test signal times'may be ehiployed, as discussed 
'5 above with respect to timer .U1 . At the end of the first predetermined period of time, the tine-tester ne exits the first 
phase of the test mode and entiars the second phase. , ■ < 

[0034] Fig. 10 ishows a block diagram of the effective circuit during the second phase of the test mode. In the second 
phase, the network.interface port 122 is directly connected to. the customer PQTS port, -This is preferably done by 
bypassing the ADSL low pass filter 119b and disconnecting the ADSL modem 128. The second phase lasts for a 
20 second predeterrriined jDeriod of lime which: in the preferred embodiment, lasts for about 3 minutes, although this 
duration may be adjusted to any desired value, as discussed below During the second phase of the test mode, the 
central office can send one or more signals to test the customer's POTS equipment without worrying about the effects 
of the ADSL low pass filter or the ADSL mbiSerh; ,^ . 

[0035] Together, the two test phases help the 'central, off ice diagnose. problems with, a subscriber's service. In the 

2S first test phase, the twisted pair line is tested to establish a base line! The secbriS test phase, which uses the twisted 
pair line, provides measurements about the already-tested twisted pair in series with the customer's POTS equijDment. 
The just-measured characteristics of the twisted pair can then be "backed- out" of the system response of the twisted- 
pair/customer POTS taken together, so as ta evaluate or diagnose custorhier equiprneht. For instance, in the second 
phase of the test mode, the central office may simply look for capacitance on. the line to see whether the customer's 

30 phone is hooked. Diagnostics of other sorts-may also be performed, especially in those cases where the customer's 
telephones can intelligently respond to query^ignals sent by the central office during, the second phase of the test mode. 
[0036] Fig. 11 presents a detailed circuit diagram, of the ADSL line tester 118. The ADSL line tester 118 of Fig. 11 is 
similar to that shown in Fig. 5, but atso includes a 300 V voltage protection circuit VR3 connected across the network 
interface port, a high impedance bypa^js reset circuit 150 having, nodes N,1. and N2 connected to the two terminals of 

35 the network interface port 122 (and thus to the tip ring lines, respectively), and a node N3 receiving a signal from 
the top of inductor L1 . The ADSL line tester also includes the bypass circuitry for selectively bypassing the ADSL low 
pass filter 119b, as discussed in Fig. 7. 'In additioh to the.foregoing differences from the circuit of Fig. 5, the-circuit of 
Fig. 11 atso includes minor differences in the power subcircuit ,138 and the reset subcircuit 140. 
[0037] In the circuit of Fig. 11 , the power subcirc.uit.1 38 prefera outputs a supply voltage of +5 volts. This contrasts 

40 with the preferred supply voltage of +2 volts used in the circuit- of Fig. 5. To put out a supply voltage of +5 volts, the 
power subcircuit of Fig. 11 has R1 5 and RIB connect eid' between the emitter of Q1 and ground. Since CR2 provides 
a 2.5 volt reference across RIS. and" since B16,is the same as R15, the voltage at QVs emitter, from where the supply 
voltage is taken, is maintained at +5 volts. It should be kept in mind, however, that many alternate approaches may 
be taken to provide the desired output voltage, and thatpther output voltages may be provided by appropriate choipes 

45 for Fii5 and Ri e.Vin addition to R15, R16, the power subcircuit of Fig. 11 also includes capacitor CIS. papacitbr CIS 
helps filter out the 306 KHz (or other) test signal which is coupled back into the twisted pair during the test mode. 
[0038] In the circuit of Fig. 'n reset circuit '140, too, differs spmewhat.from the reset-circuit 40 shownJn.Fig. 5. 
First, reset circuit 140 uses a second transistor Q7 whqise emitter is connected. to the base of Q2. This arrangemerit 
helps increase the current flow ^through Q2,,so as to reliably reset all three dual contact relays K1, k2 and K3,.wtieri 

50 U2 times out, preferably'after 30. seconds as disc^ above.,' The reset circuit 140 also includes current limiting 
resistor Rt7 connected . , / . " . . .'. , ^ - • , . : . ' - 

[0039] Fig.' 1 2 shows a detailed diagram of the high irnpedance bypass reset circuit '1 50 of Fig. -11 . Jhe bypass.circuit 
150 is connected across the network interface port at nodes N1 ,.N2 in series with resistors R18 and,pi9, respeqtiyqiy 
The bypass circuit 50 also receiyes an iri'pyt from the power circuit 1 38 via node N3. _ , . , ^. .^ r 

55 [0040] ■ When the circuit of Fig. 11 is in .the riqrnhal operating mode (no testing). , node N3 floats and capacitor ..CI 6 
charges via resistor R20 and CI 7 charges yia. resistor R22..Q1 6 charges for a predetermined period of Jirrie.which 
depends on the particular values' of CI iS and R2b, until the vpUageacVoss bFil 0 exceeds'thebr^ea^^^^ 
is preferably about 18 V. When the breakdown voltage pf CR1 0.1s exceeded, transistor Q8 turns drn, causing transistor 
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Q9 to turn on. resulting ih alatch with Q8. With Q8 on, current flows through Zener dioderCRI.i ; and resistors R25. 
R24 and relays K2 and K3 receive a Set signal, maintaining them in the "no bypass" condition. 'Ohder these conditions, 
capacitor C16 discharges through resistors R22 and R23. After discharging to a sufficient degree. 'Q8 shuts off. ca- 
pacitor C1 6 charges up again and. the cycle is repeated, therefore, as the line tester is in the normal operating mode, 
CI 6 constantly charges and then discharges via CR10. 

[0041] When the circuit of Fig. 11 enters the first phase of the test mode, inductor LI is active, relay K1 is reset (enter 
test mode), and node N3 is high. With node N3 high, the base of QS is fonward biased and so Q8 turns on, thereby 
turning on Q9, and current flows through CR11 , R25 and R24, as before. Q8 stays on so long as node N3 is high - i. 
e., until K1 is reset by reset circuit 140 - about 30 seconds after entering the first phase of the test mode. Until K1 is 
reset, capacitor CI 6 cannot charge since Q8 is conducting and current flows through R5. 

[0042] After the 30 second jong first'phase of the test mode, relay K1 isYeset, and so are relays K2 and K3. Resetting 
relays K2 and K3 results in a bypass of the ADSL low pass filter 11 9b.. thereby enabling .the second phase of the test 
mode. Soon after K1 is reset, node N3 floats, causing Q8 and Q9 turn off. At this instant, capacitor CI 6 is still discharged. 
However, with Q8 and Q9 off, the base of Q8 floating, and R5 no longer conducting, capacitor CI 6 begins to charge 
once again.^ Capacitor p16 charges until there is sufficient voltage to cause CR10 to conduct and tum on Q8 once 
again. After Q8 tMrns on, ,Q9 also turns on, current flows through R25 and relays K2 and K3 are set, returning the ADSL 
line tester 118 to the normal operating mode. Thus, the second phase of the test mode lasts from the time'that node 
N3floats and Q8 turns off with relays K2 and.K3 reset (in bypass) until the relays are set vyhpn Q8 begins conducting 
orice again. .With the preferred values of R20 and C16, the second phase of the test miode lasts about 3 minutes. 
[0043] ^Fig. 1 3 shows, the preferred embodiment of the ADSL loyy pass filter 11 9b,. .which is bypassed during the 
second phase of the test rnpde The ADSL low pass filter is further described in commonly owned U.S. AppKn No. 
. 09/083, 1 62, whosexontept^ are incorporated by reference 1o the extent necessary to understand the present invention. 
During ,the second phase of. the test mode, relays K2 and K3 are reset, thereby bypassing the ADSl^^ low pass filter 
and .the ADSL modem. port 126. This. allow? one to test customer's ROTS equipment connected. to customer POTS 
port 124 from the central office. Tables^ 3 ^nd 4 present various components found in Figs. 11-13, 

excepting those which are, identicalJn R \ , . . 



' ' ' "Table 3 - ; .^^ 




Component Value? for Resistors Capacitors in Figs; 11-1 3 (excepting those identical in the circuit of Fig,,5) 


COMPdNENt 


' VALUE 




>p,KQ ... , 


■ ■ ■ - ■ - ' --'^ vRiy ■ ■ \- ^" ' ' 


■ ' '■ ' ^ ■ ■>■• " "■vKa " ' ' 


R18, R19 


665 KQ . . 


- ^ - : •■ :....-^^R20' ■ .. 


665 Ka ' ^ 


^[ ■ ' . ^. \ ,;; '[ . "^r2i ' ... " [ 


*/• I-.". J ' icip ^ "' ■ 




- r - ^ .100 KQ- / ■ 




_ ; ' 80 kn; " 


. - ry - ^ , : R24 • 1 . . . - ■ . ■'• /■ 




" ' ' ' ' ■R25 ' ' ■ ■' ' ' ' 


' ^ 500. ■ ' ' 


- . . - Ct5^^ , ^, ... ^ : . ... - 


■ ... :.io uF ^. . • . : 


• ■ ■ ■ ■ C16- ■ ■■■ ' .-■ ^' ' 


^ ' ■ 2Q0UF- ^ '= 
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Other Components in Figs. 11-1 3 (excepting those identical in the circuit of Fig. 5) 


COMPONENT 


DESCRIPTION 


CR3, CR8 


6.8 V Zener 


CR10 


IB V Zener 
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Other Connponents in Figs. 11-13 (excepting those idenlical in the circuit of 'Fig.' 5) 


COMPONENT 


. DESCRIPTION , r 


CR11 


6.8 V Zener 


CR12 


KB204G from Diodes, Inc. 


VR3 


300 V 


K2! K3 (dual relay) 


TQ2E-i_2-3V from Aronnat 


Q7 


MPS8099 from Motorola 


■ " ' ■ * Q8 


MPSB099 from Motorola 


. V - . ; . -Q9 , : 


MPS8599 from Motorola . 



[0044] In some countries', battery voltage reversal is perfonmed for signaling schemes other than 'for entering a test 
mode. These signaling schemes can include such things as caller line ID and even battery r'eveirsar during ringing. 
Therefore, reversing a^battery voltage to cause the* NIL) to enter a test mode may not always bia ah bptibri. In such 
case: an alt<brnativet6 revel-sing the battery voltage'is to simply shut the voltage off*for a predetermined penod of time, 
and then turn it back oh again. This can be done, for example, by either open-clrciiiting the twisted pair or by shorting 
the twisted paii^for a brief period of time. And preferably, this is performed at. or prdxirnate to, the central office.' 
[0045] Fig." 14 shows an alternative power/detector circuit 238 which detects a five-second shut-off of' the battery 
voltage fblbwe'd by resumption of the normal batt4ry voltage. Circuit 238 is similar to power supply 38 seen in Fig. 5 
and Fig. if.' In Fig. 14, resistor R107 and capacitor ClOO act as a low pass filter to only charge on DC ybjtage. This 
filter filters out a 20 Hz ririging signal so as not to false trigger when the customer phone 'is rung. C'100 will charge to 
the nominal DC voltaige on the line which, in the customer on ^ook cohditioh, is typically about 48V. When the customer 
goes off hook (to make a call perhaps), CI 00 will charge/discharge to the off -hook DC voltage of ai-ound 3-10 volts. 
The battery removal circuitry of Fig. 14 is designed not to fajse trip in response to either a voltage transition from on- 

hook to off-hook,-or under battery reversal conditions. ... Li. ..^ . 

[0046] In the circuit of Fig. -14; BR1 rectifies the DC voltage so as to present a known polarity to the battery removal 
circuitry while CR1 QO and CR101 act as prolectlbn for the battery rernbval circuitry. i.n^^the event of a high voltage across 
the tip and ring lines. GT01, CI 02 and CI 03 will also charge up to the DC voltage applied to the line. In this state, a 
very small current wiirflbw through R100 and the base of Q100. This keeps Q1 00 saturate, thereby drawing current 
through RIOI. The totaf leakage current draw of this circuit is required to be very low. In this state, the entire circuit 
draws under 20 pA. Since Q1 00 is saturated; current is diverted from the base of Q1 00, thereby keeping it in the cutoff 

region (i.e., "off']). ' \ '\ . . „ ^ . 1 ...^^ ... 

[0047] When the battery is removed at the central office, C101 will discharge through R100 and Q100. After about 
5 secbnds at 48V, or 2.5,seconds*at 3V, C101 wili'discharge to such an extent that it can no longer supply current to 
Q100. When this happens. Q100 will turn off. (i.e.. be in cutoff), allowing the. current through RtOIJo flow to.the.base 
of Q101. And since Ci102 has a larger capacitance than C101, C102 has enough stored charge to ensure that Q101 
will turn even affer CIOI. turns oh.' CR1 03 erisures that *C 102 will not discharge back through C101 . : 
[0048] When Q101 goes into the active region (i.e.. turns on).. Q102.is likewise brought into. the active.region. thus 
turning Q101 on even stronger. At this point, the SCR comprised of Q1 02, Q101 and R102 will latch on, with both Q101 
and Q1 02 saturated., When the SCR latches bh. current will flow through the current limiter comprised bf'QI 03^ Fll 03, 
CR104, GR105, GR106 and R104. The current limiter will limit the current through the relay- and the SCR to a safe 
value of about 100 rriA The current limiter protects the relay and the SCR when CI 03 is charged up at 48V When the 
current limiter turns on, current flows through the latching relay set coil, drawing current f/om CI 03 this actuates Kl . 

causing the overalf circuit^to enter test mode #1. - ; 

[0049] Although in the^preferred embodiment of Fig. 1 4, a nominal minimum voltage -off time of five seconds is used, 
it should be kept in mind that this duration can be changed by using different component values for C100, C101 and 
R100. It is preferable, however, that the minimum voltage-oft time exceed spikes due to lightning and other such tran- 
sients. Tables S^and 6 present Jhe, component values fprjhe circuit ... 
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Component Values for Resistors & Capacitors in Fig. 1 2 


COMPONENT 


VALUE 


R100, R101 




R102 


100 KQ 


R103 


ion 


R104 


1 KO. 


R107 


300 KQ 


C100 


0.47 uF, > 63V 




0.1 uF, > 63V 


C102 


10 uF, >63V 


C103' 


150 uF. >63V 



20 



25 



Table 6 
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Other Components in f^ig. 12 


COMPONENT 


DESCRIPTION 




4 TN4454 frorn Motorola 


CRiOO. CR101 


1 N4758 f rom Motorola' ' 


CR102-CR106 ' 


1 N4454 from Motorola . 


CR107 


6.8 VZener 


^ , K1 (dual relay) , . 


TQ2E-L2-3V from Aromat 


v QIOO. Q101, Q103 


MPS8099 from Motorola. 


Q102 


iyiPSe599 from Motorola 



[0050] The devices described above may be implemented on a printed circuit board using discrete components and 
portions may even be implemented as an application -specific integrated circuit (ASIC). In addition, as is known to those 
skilled in the art, portions of the signal generator circuit and reset control circuit, among other components of the device, 
can be replaced by a microprocessor or other programmable unit, albeit at greater expense,' using current technology. 
[0051] Therefore, while the above invention has been described with reference to certain preferred embodiments, it 
should be kept in mind that the scope of the present invention is not limited to these. One skilled in the art may find 
variations of these preferred embodiments which, nevertheless, fall within the spirit of the present .Invention, whose 
scope is defined by the claims set forth below. ^ . ^ . ^, ^ . ^ . '/-i 
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Claims 



so 



A network interface device operable in one of a nornnal monitor mode and a test mod^and configured to interface 
a twisted pair transmission lirie to. customer equipment jn a comrriunicatipn system i said network interface device 
comprising:.. . .. , , , . . , ; . . . , , , . , , .. ; . . 



55 



a first port comprising first and second terminals establishing respective first and second voltage nodes; 
first and second switches electrically connected to said first and second terminals, respectively; , , . 
a second port comprising third and fourth terminals selectively connected to respective first and second ter- 
minals via respective first and second switches, saijd^ second port being connected tp the^ first port when the 
.^deyicejs-in^he.rnpnitpr mode, and being disconnected from;the fjrstport yy^hen the device is ih jhe test mode; 
and . \ 

a detector circuit connected in electrical parallel across said first and second voltage nodes and configured to 
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detect a test request signal and output a first control signal to said first and second switches upon detection 
of said test request signal, to thereby switch the device irom the monitor mode to the test mode and disconnect 
the second port from the first port; / . . 

5 characterized in that 

the test request signal to which the detector circuit responds to place the device in the test mode comprises 
a change in battery voltage applied across the voltage nodes. 

2. The device of claim 1 . wherein the test request signal to which the detector circuit responds comprises a reversal 
10 of a pre-existing battery voltage. 

3. The device of claim 1 , wherein the test request signal to which the detector circuit responds comprises a removal 
of a pre-existing battery voltage for a first predetermined period of time, followed by re-application of said pre- 
existing battery voltage. 

IS ' ' . . ' ...... .^^ 

4. The device of claim 1 , wherein the detector circuit provides an input impedance of at least 500 KQ. 

5. The device of claim 1 , wherein the detector circuit provides an input impedance of at least 2 Mfl. 
20 6. The device of claim 1, further comprising: 

V 

a power supply circuit connected to said-first port via said first and second switches, and arranged to output 
a DC supply voltage when the device is in the test mode, said power supply circuit being powered by a voltage 
applied across the first and secorid voltege nodes; and 
25 a signal generator circuit coupled to said first port via said first and second switches, and configured to output 

a predetermined test signal to said fii'st port; when the device is in the test mode, said signal generator being 
powered by said DC suppjy voltage from said.power supply circuit; and * t - 

a control circuit configured to output a second control-signai to said first and second switches to return the 
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device to the monitor mode froni the test Hripde;'' 



7. The device of claim 6. wherein said cohtrorcircuit'cbrTiprises: . , ■ 

a first timer circuit configured to output saidisecorid. control signal a predetermined period of time after said 
signal generator circuit has begun to output said predeternnined- test signal torsaid first port. : 

3S 8. The device of claim 7, wherein said. signal generator circuit .comprises: . 

a second timer circuit configured to output a square wave having a predetermined frequency to the first port, 
when the device is in the test rnode. ' ' ' ' ' ' ' T.. . ' / ' . '['I. ' 

9. Thedevice of clairT» 6, • ' ' ' . . ' , 1', 
40 'a timer'circuiV'cbnfigured to ouitput a Square wave having a- pfbdetermiried frequericy to the first port, wheri 

the device is In the tek mode. ' ' ^ '\ * " * ' ' ' I l 

10. The devicWof claim's, further comprising:'' * ' * : - ■ ' • ■ . v . ^ ' ; . 

a voltage protection circuit connected in electrical parallel with said power supply circuit* • ' 

45 

11. The device of claim 6, wherein said first and second switches comprise a latching relay having a pair of dual 
contacts, said relay comprising: 

■ 

a first 'cbircbupied to ^aid detector circuit, said first coif being responsive torsaid first control signal to connect 
so said firist port'tb said signal generator circuit and disconnect said first port fronri said second port, and 

a second coil coupled to said control circuit, said second coil being responsive to said second control 'signal 
to connect said first port to said second port and disconnect said second port from said signal generator circuit. 



12. A communication system cdmprisihg: ' . . > . ; , . . 

' a network' inteilace'device according to ahy of clainri ' ' ' - . * ' 

■ a twisted pair transmiss'bn 'line connected at a first end to a'central bffiife and at a seoDnd end to the first port 
of said network interface device. 
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t3rA methcid of iriyoking a test irnode in a telephone system comprising a central office^ connected to custqrner equip- 
ment via a twisted pair transmission line across which a predetermined voltage is normally apfDiied, the method 
^comprising: , ' * ' ' \" 

* changing said predetermined voltage across the twisted pair transmission line to therelDy electrically isolate 
said customer equipment from the tywisted pair transmission line, said step of changing being performed at a location 
rennote from said customer equipment. 

^14. f he rnethod of claim 1 3, wherein changing the predetermined voltage comprises: 
reversing the polarity of the predetermined voltage at the central office. 

15. The method of claim 13, wherein changing the predetermined voltage comprises: 

removing said predetermined voltage across said twisted pair transmission line for a first predeterhnined period 
of time; and 

. re-applying said predetermined voltage upon conclusion of said first predetermined period of time. 

16. The method of claim 15, wherein the step of removing said predetermined voltage comprises shorting said twisted 
pair at the central office. 

20 17. The method of clairn 15, wherein the step of removing said predetermined voltage comprises forming an open 
circuit across said twisted pair at the central office. 

18. A method of remotely testing a communication system comprising a central office, customer equipment and a 
twisted pair transmission line connecting the twO: said central office normally maintaining a first battery voltage 

25 across said twisted pair transmission line, the method comprising the steps of: 

changing the first battery voltage across the twisted pair transmission line to thereby electrically isolate the 
customer's equipment from said twisted pair transmission line; 

receiving a first test signal sent along the twisted pair transmission line from a point physically proximate to 
30 said customer's equipment; and 

analyzing said received test signal to assess the performance of the twisted pair transmission line. 

19. The method of claim 18, wherein said test signal comprises a square wave having a frequency between 35 KHz 
and 1.5 MHz. 

35 

20. The method of claim 18, wherein said test signal comprises a square wave having a frequency of 300 KHz. 

21. The method of claim 18, wherein changing the first battery voltage comprises reversing the first battery voltage 
for a predetermined period of time. 

22. The method of claim 18, wherein changing the first battery voltage comprises removing the first battery voltage 
for a first predetermined period of time and thereafter re-applying the first battery voltage. 

23. The method of claim 18, further comprising: 
bypassing a first electronic component connected in series with a second electronic component, for a pre- 
determined period of time to thereby test said second electronic component while isolated from said first electronic 
component. 

24. A network interface device operable in one of a normal monitor mode and a test mode having a first test phase 
50 and a second test phase, said network interface device configured to interface a twisted pair transmission line to 

customer equipment in a communication system, said network interface device comprising: 

a first port comprising first and second terminals establishing respective first and second voltage nodes; 

first and second switches electrically connected to said first and second terminals, respectively; 

a detector circuit connected in electrical parallel across said first and second voltage nodes and configured to 

detect a test re-quest si jnal. said detector circuit being further configured to output a first control signal to said 

first and second switches upon detection of said test request signal, to thereby place the device in the test 

mode; 



40 



45 



BNSDOCID: <EP 1005209A2_I_> 



12 



EP 1 005 209 A2 

a power supply circuit connected to said first port via said first and second switches, and arraaged to output 
a DC supply voltage when the device is in the test mode, said power supply' circuit being powered by a voltage 
applied across the first and second voltage nodes: arid 

a signal generator circuit coupled to said first port via said first and second switches, and configured to output 
5 a predetermined test signal to said first port for a predetermined first period of time, when the device is in a 

first phase of the test mode, said signal generator circuit being powered by said DC supply voltage from said 
power supply circuit; and 

a bypass circuit configured to electrically isolate at least one electronic component connected in series with 
a second electronic component during a second phase of the test mode, to thereby perrriit testing of said 
10 second component; 

wherein 

the test request signal to which the detector circuit responds to place the device in the test mode comprises 
a change in battery voltage applied across the voltage nodes. " 

. . - ^ . r '-r- y y : 

25. The devicd of claim 24, wherein the test request signal to which the detector circuit responds comprises a reversal 
of a pre-existing battery voltage. . . .. . r.^ 

26. The device of claim 24. wherein the test request signal to which the detector circuit responds comprises a rernoval 
20 of a pre-exisling battery voltage for a first predetermined period of time, followed by re;^pplicalion of said pre- 

• existing battery voltage. " > . , , 
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